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SPACE TRANSPORTATION SYSTEM/CARGO MASS PROPERTIES 
CALCULATION USING AN INTERACTIVE SYSTEM 


1, INTRODUCTION 

This paper was developed 1n response to Job Order 44-139, Experiments and 
Payloads Project Office, Experiment Systems Division, dated October 29, 1976. 
It is a description of the mass properties methodology implemented to accom- 
plish Space Transportation System (STS) engineering analysis and planning, 
and to perform compatibility assessment studies of various integrated STS 
payloads and carrier configurations. 

1.1 PURPOSE 

To describe the methodology used by the NASA/ JSC Experiments and Payloads 
Project Office, and the STS Utilization Planning Office, Shuttle Payload 
Integration and Development Program Office, to perform STS cargo mass proper- 
ties calculations using an interactive computer system. 

1.2 OBJECTIVES 

a. Describe the method for the STS cargo mass properties calculation in 
support of the STS Utilization Planning effort. 

b. Illustrate with examples the mass properties calculation for specific 
payloads. 

1.3 SCOPE 

This paper will discuss the planning and analysis process requirements and 
techniques, the interactive computer system and database, and the effort re- 
quired to perform the mass properties calculation. 
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2. PLANNING AND ANALYSIS PROCESS 


The Shuttle will provide space transportation services for the scientific user 
community, commencing with the June 1980 time frame. Specific flight phases 
that are adaptable to payload needs on each flight are various orbital maneu- 
vers, rendezvous, deployment, retrieval, and on-orbit servicing. As part of 
the STS Utilization Planning function, each proposed flight is assessed to 
ensure cargo/Shuttle feasibility, compatibility, and operation within the STS 
performance and constraints limitations. This paper describes the techniques, 
capability, and methodology used by the STS Utilization Planning Office in 
assessing a proposed flight cargo by determining the individual payload and 
composite cargo location, and calculating the composite mass properties of 
the cargo and Orbiter vehicle. An overview of this process is illustrated in 
figure 1. 

The STS Utilization Planning and Analysis process for mass properties is 
illustrated in the block diagram/flowchart, figure 2. A functional description 
of each block follows. 

2.1 STS 100 FORM 

Assignment on an STS flight is obtained through initiating a request for 
flight assignment (STS 100 Form) and subsequent planning and negotiations with 
the STS Operations Office at NASA Headquarters. Specific payload characteris- 
tics, mass properties, and unique requirements and constraints are Identified 
by the user on this form. The STS User Handbook is a guide to initiating a 
request for flight assignment (ref. 1). The user's handbook provides infor- 
mation on NASA STS management and procedures, STS flight systems, STS launch 
and landing operations, and STS flight operations. 

2.2 FLIGHT REQUIREMENTS 

The flight purpose, requirements, launch direction, orbit, operational en- 
vironment, etc., are evaluated to determine orbiter dry weights, consumables, 
personnel, flight kits and special equipment or requirements, which in turn 
drive the vehicle configuration. 









Figure 2.- Mass properties calculation. 
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2.3 PAYLOAD CHARACTERISTICS 

Payload characteristics are Identified by the user on the STS 100 Form and 
through additional documentation as necessary. This Information Is used to 
determine payload mass properties, physical dimensions, placement within the 
Orbiter, Interfaces with Orbiter services, additional flight kits, and con- 
sumables. 

2.4 PAYLOAD ACCOMMODATIONS 

Subsequent to flight requirements and payload characteristics evaluation, the 
payload Is tentatively assigned to an STS flight. Additional payloads follow- 
ing the same evaluation procedure may be assigned to the same proposed STS 
flight. At this point, the Individual payloads are located within the orbiter 
payload bay forming a proposed cargo configuration for this particular STS 
flight. 

Once the payload location is selected (to obtain a composite vehicle CG) pay- 
load attach points and hardware fittings (keel, bridges, longerons) are de- 
termined. The fittings required are dependent upon payload location points. 
The physical dimensions of the payloads and the available attach points in- 
fluence payload location. A composite mass properties calculation is made 
of the payload and payload hardware, which In turn is used in the composite 
vehicle/cargo mass properties calculation. 

2.5 STANDARD STS SERVICES 

The standard STS flight configuration and services capability is based on 
1-day flight operations, a three-man flight crew, the standard vehicle dry 
weights, and required consumables to achieve the aforementioned performance. 

A mass properties breakdown of this detail for standard STS services Is 
Illustrated In table I. Table I tabulates the Orbiter 102 weights, CG, and 
performance data applicable to a 28.5® Inclination and a 160-nml circular 
orbit. For purposes of Illustration and lack of availability of more speci- 
fic data, table I data Is used for the SPACELAB 1 example, which requires a 
57° Inclination and a 160-nml circular orbit. 
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ORBITER MASS PROPERTIES 


WT X Y Z 


OV-102 OFT-1 INERT 

PAYLOAD BAY LINER INSTALLATION 

PAYLOAD BAY LINER 

RMS INSTALLATION 

RMS 

SEAT RECONFIGURATION 
PAYLOAD INTERROGATOR 
PAYLOAD DATA INTERLEVER 
SIGNAL PROCESSOR 
KU BAND INSTALLATION 

OFT OV-102 INERT 

SSME X3 INERT 
EPS TANK SET 3 

PERSONNEL (3 CREWMEN; 1-3 DAY FLIGHT) 

SUBTOTAL (3 CREWMEN, 3 EPS TANKS, 1-3 DAYS) 

ORBITER WITHOUT CARGO & CONSUMABLES 

NONPROPULSiVE CONSUMABLES 
MPS PROPELLANT 
OMS PROPELLANT 
RCS PROPELLANT 
SUBTOTAL 

W ORBITER PRELAUNCH (3 CREW, 3 EPS TKS, 1-3 DAYS) 
CONSUMED TO El 

(?) ORBITER AT El (3 CREW, 3 EPS TANKS. 1-3 DAYS) 


140,000 

1056.5 

0.9 

368.8 


101 

942.0 

0 

340 . 


254 

942 

0 

340 


260 

866 

- 83.5 

444.1 


920 

866 

- 83.5 

444.1 


no 

506 

0 

452.4 


60 

36 

42 

337 

550 

90 

480 


142,120 

105 '.. 5 

.4 

369.7 


19,479 

1491.9 

-.1 

383.6 


735 

1010 . 

-4 

297 


2,013 

504.3 

.9 

380.2 


22,227 

1380,1 

-.1 

380.4 


164,347 

1097.1 

.3 

371.2 


5,220 

1003.3 

- 4.6 

337.4 

- 2,668 

5,206 

1408,5 

12.9 

355.2 

- 4,500 

25,104 

1417 

0 

475.8 

- 23,444 

7,374 

1004.2 

2 . 

434.3 

- 5,757 

42,904 

1294.7 

1.3 

437.2 

- 36,369 

207,251 

1138.5 

.5 

384.8 


- 36,369 

1320.3 

1.6 

444.2 


170,882 

1099.8 

.3 

372.2 




2.6 PAYLOAD CHARGEABLE ITEMS 


In addition to the standard STS services, some payloads will require additional 
payload chargeable Items. Some of the requirements which determine these Items 
are special vehicle hardware, equipment, or services not Included as part of 
the standard services, I.e., special orbit requirements, special flight opera- 
tions, or additional flight crew support. Appendix A, form NASA-S-77-2533C, 
sunmarlzes the more common of these additional payload chargeable Items. 

2-7 COMBINE STANDARD STS SERVICES AND PAYLOAD CHARGEABLE ITEMS 

A composite Orbiter vehicle consists of the cargo (everything contained In 
the payload bay plus any equipment located elsewhere In the Orbiter which Is 
user unique and not carried In the standard baseline Orbiter weight budget) 
plus the standard Orbiter vehicle. The Mass Properties Calculation step 2.10 
(reference figure 2) Is based upon this composite Orbiter vehicle. 

2.8 SHUTTLE MASS PROPERTIES DATABASE 

The Shuttle program's mass properties database is utilized for mass properties 
calculations for all established vehicle weights and constraints and is supple- 
mented as necessary with proposed payloads data, carriers, and any items not 
controlled by the Shuttle office. 

The mass properties calculaclons are dependent upon the availability of 
accurate, complete weights data. A Shuttle weights database has been estab- 
lished and is controlled and maintained by the Shuttle program office (refer- 
ences 2 and 3). 

The data Is available under major groupings, e.g., Orbiter, External Tank, 

Solid Rocket booster. Space Shuttle Main Engine, flight kits, and payload weight 
chargeable options. Subgrouping mass properties data Is also available, I.e., 
Orbiter 102 Inert ^uiftnary Weight Statement, personnel, and cabin stowed equip- 
ment. 


7 


2.9 MASS PROPERTIES PROGRAM 

The Interactive program 'itlll zed In the mass properties calculation Is a rou- 
tine of the ELOON program, which In turn Is used to determine Orbital Maneu- 
vering Sy tern (OMS) and Reaction Control System (RCS) fuel requirements for 
an Individual mission. The routine Is called as necessary by the ELOON pro- 
gram. This routine MSPROP takes an Input from the user at the terminal 
(weight, CG, In X, Y, Z STS coordinates, and moments of inertia (optional)} 
and sums It with the previous Inputs and returns U the user a new composite 
vehicle/cargo weight, C6, and moments of Inertia. 

2.10 COMPOSITE ORBrTER MASS PROPERTIES 

Mass properties are calculated for each payload, the total cargo, and the 
composite Orbiter vehicle. 

The general approach taken In the mass properties calculation is as follows. 

Two basic computations are made, to determine: 

a. The entry Interface (El) “«1ght (down weight) which occurs at 400,000 ft as 
the Orbiter returns to land. The vehicle has a maximum composite entry 
weight and CG limit. 

b. Return-to-launch-site (RTLS) and abort-once-around (AOA). The RTLS cal- 
culation Is made using the prelaunch vehicle weight (wet) less 1 allowance 
for fuel consumption and (^S/RCS fuel dumped. The AOA calculation deletes 
additional fuel and has the same constraints as for RTLS. 

2.11 ITERATE 

In the event the operational constraints are not met, changes are made directed 
toward correcting the problem area, through shifting payloads to different CG 
positions, reducing payload weights, or ballasting as necessary. The mass 
properties calculation Is then made again to verify acceptable performance, 
and repeated as necessary. 
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2.12 DOCUMENT RESULTS 


The results of the analysts, assumptions, and recommended vehicle configuration 
are documented on forms designed to show flight assignment of a payload and 
the resulting composite vehicle mass properties (Appendixes A and B). 

3. EXAMPLES 

3.1 SPACEUB 1 (LONG MODULE AND PALLET) 

An example of the mass properties calculation for a single payload Is devel- 
oped In Appendix A. The payload location, CG, and weight are shown on pages 
A-3 and A-4. Composite weights with attachment hardware are shown for the 
SPACELAB and tunnel plus pallet. Both up and down weights are given. The 
backup sheets, (pages A-5 through A-7) give the payloads, attachment points 
and hardware with weights and CG. Page A-8 illustrates the additional payload 
chargeable Items (flight kits, personnel, etc.). An annotated computer print- 
out of the mass properties calculation Is shown on page A-9. 

3.2 TDRS/2-STAGE lUS AND SBS/SSUS D 

The mass properties calculation for a multiple cargo composed of a Tracking 
and Data Relay Satellite (TDRS) boosted by an Interum Upper Stage (lUS) and a 
Systems Business Satellite (SBS) boosted by a Spinning Solid Upper Stage 
Delta class spacecraft (SSUS D) Is developed In Appendix B. The placerrent of 
these two payloads Is Illustrated on page B-4 and the mass properties of each 
payload are shown respectively on pages B-6 and B-7. The computer printout 
of the mass properties calculation combining the two payloads and the standard 
Orbiter vehicle Is annotated on page B-8. The calculation Is performed to de- 
termine the mass properties first at entry Interface using the "Orbiter at El" 
value from table I marked (|) and then second at RTLS and AOA using the Orbiter 
Prelaunch value marked 
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4. ILLUSTRATIONS OF PROGRAM USAGE 


4.1 INITIAL ANALYSIS REQUIRING FURTHER CHANGES 

The Initial placement of payloads may require further shifting around to 
assess the CG or weight constraints, i.e., in the Appendix A example the 
SPACELAB was initially located 2 feet further toward the front. The AOA CG 
would have shifted forward (from station 1080.4 shown) to station X 1076.0 
which violates the station X^ 1076.7 constraint, resulting in moving the SPACE- 
LAB location aft (as shown). 

4.2 EFFORT REQUIRED TO PERFORM ANALYSIS 

The effort required to perform analyses depends on the detail required in 
assessing the proposed payload and flight requirements, and determining pay- 
lo.“ ‘ location and weight/C6. A typical analysis might require 1 to 2 days 
anu %wo or three people. 

Initial time to set up and run a mass properties calculation similar to the 
Appendix A example would be 1 day to determine initial vehicle and payload 
configuration, and 1 day to run the interactive program and document the 
results. 

Computer time required would be approximately 1.5 seconds each time the 
calculation was repeated. 


5. REFERENCES 


1. Space Transportation System User Handbook, NASA/JSC. 

2. Shuttle Operational Data Book, Rev A Volume I - Shuttle Systems Performance 
and Constraint Data, Volume II - Shuttle Mission Mass Properties Data, 
JSC-08934, September 1975. 

3. Shuttle Systems Monthly Weight and Performance Status Report, JSC 09095-28, 
published monthly. 
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APPENDIX A 
EXAMPLE OF 

MASS PROPERTIES CALCULATION 
FOR 

SPACELAB 1 (LONG MODULE AND PALLET) 


SIB 100 FORM 


REQU^T FOR FLIGHT ASSIGNMENT 


DATE: 5/18/77 


To: SPAPE TRANSPORTATION SYSTEMS OPERATIONS 
MAIL CODE MO 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
WASHINGTON O.C.S1546 



FLIGHT OBJECTIVES; 
SPACELAB 1 


FnntBirtod Latency 19( 

indiiiMteii nnga 57 


AltitMdtrangi /ail KW or tptcific ohitudo Wiiinin a 

mfrfiffurttnn Lonq Module + single Pallet 

Flight doratton, hem a t wch od 165 Hr Diacifdino 

Crow eo mp locT i nt: C om maodar, pilot, mMon tpacialiit plus option for additioral minion 

ipaciaiiatUI Q or payload apaciaiiatli) 21 

Payload OparMioni Control Ctntar aupport: 

QSFC JPL X JSC Other 

STON and Tracking and Data Relay Satellita lyitam aupport (comment) : 


.or apacifiedata 

or apacH ie imiination 
or spec if (c ahituda 


Eanwatmonay JL NASA approved 

, C o mm er c ial -X_ESA approvad 

. Other Gover nm e n t DOO approvad 


MISSION TYPE : 

Daploymtfit 

. KM- X— Attachad 

Servicing 

Retrieval 


Not raquirad 


Payload man proper dec including flight khc: 

Weight: Launo. _ 32,000 lb 

Landing lb. 

Diameter: Launch inchn 

Landing inchn 

Length: Launch ■ inchn ^ 

Landing . inchn 

Payload kWh aatlmate kWh 

Payload conatrainta and/or unique raquirementa: 

No Additional OMS 
No Planned EVA 

No Power or Cooling During Ascent & Descent 

Orientation, pointing, aunli^ conatrainta, etc. (comment) : 


Specify flight kite uaed in weight: 
(aaa JSC07700 vol. XIV): 


Speelai pralaunch md poatlanding off-line aupport at launch and landing aite (comment): 


SpacW pralauneh and poaiimdlng on-lina aupport while in the Oibltar (comment): 


(OVER) 





Othtr cemrTMntt: 


Thote organizations that will be non-U.S. Government users should also provide the following information: 

• Oo you r«qu«*t • dedicated flight? If «o, (k> you intend to sublet services to other users? 


• Oo you request consideration in STS exceptional program selection process? 


• Are you willing for your payload to fly on a space available (sundby) basis? 


• Oo you requast to be flown under the definition of a "small self-contained package"? 


• State desired date to begin contract negotiations. 


• Ooes payload (or payloads) raquire revisit and/or retrieval services? 


• Lilt known optional services currently under consideration in order that flight raquirementt can be established 





NASA-S-77-2531 0 


FLIGHT ASSIGNMENT 



i 


MAS*-S-77-2530iE 


FLIGHT ASSIGNMENT WORKSHEET 


aiSHT NO UWCH DATE 

iUmEI oooDcomD interD 


WTE- 5/18/77 


EFFECTIVE 
HEIGHT » 

CG LOCATION 


CARGO HT 


CG (IN) 

UT(LB) Xo Yo Zo 

UPZifiU 953.7 -2,2 385.6 
OH 23780 950.2 0 388.7 

^iD 7332 1238.6 -2.8 387.5 


BALLAST 


HT (LB) 


COMPOSITE VEHICLE 


NOMINAL ENTRY 






PAYLOAD CHARGEABLE WEIGHT SUMMARY 


aiGHT NO:^ 
LAUNCH DATE. 


R. IDENTIFICATION: SPACELAB Tunnel 


DATE: 5/18/77 
REV; 


MISSION TYPE: DEPLOYMENT Q ATTACHED E RETRIEVALQ SERVICINSQ 


^RLER ATTACfflENT 
^ABILIZING LOCATION 


PRIMARY LOCATION 


KEEL LOCATION 


Xo (IN) 
BL NO. 
BR NO. 
DF 
NOF 


703.2 


Xo (IN) 866.8 

BL NO. 

BR NO. 

DF 

NDF 


PAYLOAD CHARGEABLE (1) bridges & fittings are specialty >aade 


AHACHMENT 

STABILIZING 

raiMMY 

16 


ref tel con Crumley, MSFC. 


WT (LB) 


C6 (IN) (STS COORD) 

13 . ? Yo n 


Xo (IN) 866.8 

KB NO. 

ACTIVE 

PASSIVE 



LONG FiniNG 


COMPOSITE UP & DN 


ITEM 

CARRIER Jll 
ASE 

PAYLOAD J2j 


WT (LB) 


CG (IN) (STS COORD) 

^Yo 

Yo 

Yo 


COMPOSITE ^2) see Spacelab, weights added to Spacelab Payload 


tip 122 



A-5 
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PAYLOAD CHARGEABLE WEIGHT SUMMARY 


6HT NO: PL IDENTIFICATION: _$PACELAB (Long) . _ _DATE: 


FLIGHT NO:. 
LMNICH DATE 


MISS10»M nPE: DEPLOYMENT □ ATTACHEO[x] RETRIEVALQ SERVICINGQ 
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r 















PAYLOAD CHARGEABl.E~WEIGHt SUMMARY 





NASA-S-77-2532 B 


SEPO-1 39-35 


r 




















NASA-S-77-2933 d 


PAYLOAD CHARGEABLE WEIGHT SUMMARY 


FUCHTKITS 

BCeKrne 4 0« 

VL TUNNCL ADAmi lU^ 4 Ml 
PA. MV MOIMTie A/L (l» 4 OW 
AISMCT4IP4BI0 . 
ATCSM0IATOR WCT_ 


Hum 


tiitAa 

re 4 «wTAina 


MOKCSTlCQg 


. \hi 


MSSPCHiCCOaOM. 
tP$ «T*i ««T. 

MV. 
lOTft VCT. 

MV. 
KITM MCT. 




lOTM VfCT, 




KIT §7 »«T 

MV 


CPS TAN K V«T 

SITS MIAV tmv 
0M$ KIT SM* ^ VCT 

leee* ^ MET ___ 

MV 

ISM* eu MET 

MV 

CONTKOC 4 DISPUV 

CABUN6 

EXTENDCO MSSMM 

CtCW CQUIPlICNT (ABOVE 9 HAN OAV» 


FIXED WT OSMFEII MAN 

970.7 V ^ ■ 

TIME DCPCMANT IFER MAN, KR DAY) 

19.7 X..Z..X I.,*. 


2\ UF.4,»QWi$ X> 


not cnargeo to Kayioaa wi ^aireaay in inert 
Assumes EPS Kit #4 dry “♦ S£rt^> 13 *- 















IRSWT MCLAUNCH VCN. WT 

c.«. (nitm moments or 

IRUTIA • 0) 


n> rti i> 

t 0* If • •• 


RP'i>KODUcibiu'ry OK mt 
page 18 POOR 



MA* :••.•» C'9^i*k;*«c 



Iiy*»Tlo • 




y y 


i 

tyy 

ivy 

i:z 


•v- 


•yt 

|i4;ir vfMf?' ft 
*<i?*M|. I19A.9 

s 

304. 3 

. 0004 

. oooo 

0000 

. If 0 i 30 l> , 

MOO. 


. aaoaa 








LESS A FOR rmiNSS A SNiniM 

>-45n< 1 1 >n.y. o> 3-ii*.9 








AIRLOCK 

tq. 4i n. It, o> It 









<trtp ®Av' n^tii 





. 




-4Mit. 11*0. A 

fl 

300.9 

, oono 

.OOOl) . 

0000 

.00000 . 

000 


. OltOOO 








• 

* IT* V/*H| c *f 1 

»04jnt. tn-J.t 

. nitoitn 

s 

304.0 

-. 0000 

-.0000 

0000 

-.00000 . 

000- 

AM PATLOAO 

>0« 0> A, 0. (1, 0 









trip •Ayi.o*M 

loiA.n -». 

. OPPOO 

3 

330.0 

.0000 

. nooo . 

0000 

.OOoOO . 

OOi)' 


r0>1*n?IT* VEMICi.*! 
»39?ii'*. 1 12?. 5 

t 

309.0 

.0001 

. 0994 

0399 

.005-)0 

OOOi 


Oititit* 








LESS RTLS A 

'-231T».i4or,.'».4?5.A 

>n, n, o> 0» o< 0 









400 •Ari.OAOi 
-»9»^*. 1407. n 

. nnooo 

7 

479.0 

.0000 

.0000 

0000 

.OOOAO 

OOO 

RTU 

<^gn»i5“ITr v*Hirici 
^10414. 10*4.^ 

0 

37*. 9 

-. 0940 

-.9?04 -. 

47*4 

,OAA?? 

|7» 


0OOY4 








LESS AQA A 

t-jnoi. 1404.4. 1 3. ■'•434. 
>0* 0> 0« 0. 0. 0 

3 








4|>tl B4,'i_ 13401 

1404,4 13. 

. nooiio 

7 

434 . 3 

. 0000 

. 0000 

0000 

•00000 • 

00* 

AOA 

C3 4*3?IT* V*H I <•'.*• 
*07|l3. 1074.0 -. 

> 

371.9 

- . 0144 

-.<>134 -. 

9937 

-.ooe53 

1»4- 




miTiALizc nowm t o 

A* f \4 A. A 

INSOrr MTLQAO vr A C6 

* ^ At 0* A* A« OA 



9A«^*ri.Rf IurMftt 


I9?»TI4 

^ ?• t A»#n • 


y V 

•V? 

• KAr* ycmri Cl 

7 

• lyy 

tvv 

IZZ 

•yy »x: 

AM CV • El 

31*49. 1014.0 ->.3 

.00000 

' 10»». 3 . . 3 . 37».» 

> 0« A* 0* A* 0« 0 

i^TiP £*4|*T 

334.0 

. 0000 

. OOilO 

. 0000 

, OOOOO , 00‘ 


170*^'?^. ,j 

. OOAAO 

37>.* 

. 0000 

■ 0"0O 

. 0000 

. 0001)0 . OOliil 

LESS A FDR FITTtNSS A 
SNIFTIN8 AIRLKK 

jn>3ai^7, 1 A?7, l | 

-• AAA»1 

>-4^0« 1 1 ?A,5. A* 

> A* 0« 0* At 0* A 

374 .* 

.0011 

. 0»41 

.03*0 

, OOJ ?» -. M0ii9 

Cl 

•4^0. lliTA,^ .0 

, AAAmA 

rq^Tj^r vrM|C».*'i 

334, 9 

. 0000 

. 0000 

. 0000 

.00000 .001)0 


" )A»4t ?, 1 t\fT, n 1 

AAO»l 

374.3 

. 001 1 

.035* 

. 0 3.'« 

.0013; -,0O»« 


m 


»‘>*M At 
TIM?i 


*• Tm^fl 


I h* *T: %• 1*14® - .m -C 


s fj A f iM*t **t j ^ I i*h4k«&i; 

It f»Al Am; iih, ^ I Ts 

t Aim AiH M#». JA4 ..liSlIT! 

e * d » m 4 •> c’ 

I'-t 14: I .1 •« Ml* l'*'r r;*i 

T'.w » T . ff • 


rrn.iP^Tj Pm 

;r t ma j rtiM I > 
AA| Ai'iS mA 
AmI I >- 

It I « I 4 “^! >4 


‘-'.r?4 4^ 

A ■ 

’4 3 
104 

I •*« f*l • I 47 ? 


A-9 


APPENDIX B 
EXAMPLE OF 

MASS PROPERTIES CALCULATION 
FOR 

MULTIPLE CARGO 
(TDRS/2-STA6E lUS 
AND SBS/SSUS D) 


STS 100 FORM 


REQUEST FOR FLIGHT ASSIGNMENT 


DATE: 5/23/77 


To: SPACE TRANSPORTATION SYSTEMS OPERATIONS 
MAIL CODE MO 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
WASHINGTON D.C. 20546 


FLIGHT OBJECTIVES: 

Place Communications Satellite In 
Geostationary Orbit 


FROM: 


/S/ 


EarfMM mcjntv NASA approvid 

Commarcial ESA approvid 

. Oittar Govarnmant 000 approvad 


Etlphtaarlad 8. 1980. 0. JunO 1 980«i£e*lfl^dbl/ ^ 

Inclinattopranga . 


Of spaclfk inrlinaliPi>"26 .6° t 0.24 ^ 


Aititwda ranga 150 ^ 3nm perlffee 
Fayload configuration iDRSS/ IUS/ASE 


Flight duration, houri attachad Minimum 
Craw eemplamam: Commandar, pilot, minion tpaciaiift piui option for additional minion 

apacMittUl Q or pavioad ^ncialittU) Q 

Payfoad Oparationa Control Cantar auppon : 

G8FC JPL X JSC 


MISSION TYPE 
X Oaploymani 

or spacific altituda 193,«.2 T fUD apOgCfi Attachad 

Sarvicing 

SOP cons trh 1 bpinw Raniaval 


.Othar 


Not raquirad 


STDN and Tracking and Data Raiay Satallita ayatam aupport Icommant! . 


Payload man propartiaa including flight kha: 


Launch 

39920 

lb. 

. ko 


Lartding 

3777 

lb 

ko 


Launch 

115 

irt«haa 


. mm 

Landing 

115 

, incha* 


- mfT> 

• 

437.9 

birtiaB 


. mm 

1 aiwtlng 

148.8 

inrhaa 


. ftwtl 

iimata 


kWh 




Spacify flight kitt uaad in weight 
(aaa J5C07700 vot. XIV): 


Payload conatralnta and/or uniqua raqukamantt Geostationary final Orbit, 

Liquid apogee engine 


Oriantatkin, pointina, aunli^ eonatrainta, ate (commanti : 

Parking Orbit, Doors Open Parking Orbit, Doors Closed 

<1.2 hrs. max. direct sunlight 2 hrs. max. 

<4.0 hrs. max. no sun 

Spaclal pralaunch artd peatlanding off>lina aupport at launch and landing aha (cemmant) 

100,000 class clean room environment 

Spacial pralaunch and peatintding on-lina aupport whila m tha Orhiter Icommant) 

65° FAIR on pad; GN 2 prelaunch (T-2 hrs.) purge acceptable 


B-2 


(OVER) 






Other comments: 


Those organizations that will be non U.S. Government users should also provide the following information; 

e Do you request B ctodiceted flight? If so. do you intend to sublet services toother users? 


e Do you request consideration in STS exceptional pro^a" selection process? 


• Are you witling for your payload to fly on a space-available (standby) basis? 


e Do you request to be flown under the definition of a "small self-contained package"? 


• State desired date to begin contract negotiations. 


e Does pavload (or payloads) require revisit and/or retrieval services? 


e List known optionsi services currently under consideration in order that flH^t requirements can be established. 





STS 100 FORM 


REQUEST FOR FLIGHT ASSIGNMENT 


DATE: 5/23/77 


To: SPACE TRANSPORTATION SYSTEMS OPERATIONS 
MAIL COOE MO 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
WASHINGTON D.C. 20546 

FROM: 




/S/ 

FLIGHT OBJECTIVES: 

Deploy SBS Coinnuni cations Satellite to 
Geostationary Orbit 

X Eamast money NASA approved 

X Commercial ESA approved 

Other Government DOD approved 

June/July 1980 b. Oct/INo^J^gO c. Backup 2nd Quarter 

Inclination range 28. 5 or specific inclination — Deptoymmt 

Altitude range 1 60 fW I o, specific altitude Attached 

Payload configuration Delta 3910 PAM ClaSS ; Sen/icing 

alight Hiintinn hmira ettarheri Discipline Retriewal 

Craw complamant; Commander, pilot, misnon spacialitt plus option for additional mission 
loacialitt(s) or oavload soacialist(s) 


PiykMd OptrMiont Control Conttr support; 

GSFC JPL iSC Othsr Notrsquired 

STON and Tracking and Data Ratoy Satailita systam support (comment); 

Payload mass propartias ineluding flight kits: Specify flight kits used in weight; 


VfMIQnT* 

Launch _ 

8340 

lb. 

kg 

(m« JSC07700 vol. XIV) 


Landing _ 

2250 

lb. 

kg 


Olamatar; 

Launch _ 

86 

inches 


.mm 


Landing 


ifM^iat 


. mm 

Length; 

Launch 

92 

inch as 


_ mm 

Landine 


Inchat 


. mm 

Payload kWh estimate 

.75 

kWh 




Peyload constraints and/or unique requirements; 


Orientation, pointing, sunlight constrainn, etc. (comment) ; 

Minimum Sunlight 
Near Room Temperature 

Special prelaunch and postlanding off-line support at launch and landing site (comment); 


Special prelaunch wkI postlanding on-line support while in the Orbiter (comment) ; 
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Othtr commtntt: 


Those organizations that will be non-U .S. Government users should also provide the following information; 

• Do you raquMt a dsdicatcd flight? If «o. do you intend to sublet sarvices toother users? 


• Do you request consideration in STS exceptional program selection process? 


e Are you willing for your payload to fly on a space-available (starxiby) basis? 


e Do you request to be flown under the definition of a "small self-contained package"? 


• State desired date to begin contract negotiations. 


• Does payload (or payloads) require revisit and/or retrieval services? 


• List known optional services currently under consideration in order that fli^t requirements can be established 


NASA-JSC 




NASA-S-77-2531 D 


FLIGHT ASSIGNMENT 


aiGHT NO LAUNCH DATE 

0V-J02 NASaIU OOoDcOMMn INTErD 

CREM SIZE 3 

aiGNT DURATION 


MAJOR FLIGHT KITS 


5-23-77 


COMPOSITE CARGO 
NT (LB): UP jq • 
HT (LB); DN~^ 



PL IDENT I TORS flUS 2-STAGE I 

PL COMPOSITE; 

MT (LB): UP 40890 

ON 4 

CG (IN): Ko 1073 5 Tt 

Yo 0 Zo ~I99.8 fi 

FIM (IN): L 

PL ORBIT: ALT^NM] INCC) 

STS ORBIT: ALT (NM) ^INci*)' 


PL IDENT ; SBS fSSUS nl 
PL COMPOSITE: 

Wr (LB): UP 9640 

ON 3452 

CG (IN): jjo 2^4.21 , Tlfff 

Yo — Q Zo 43LJ (m. 

DIM (IN): L 

PL ORBIT: ftLTjm) INCC) 

STS ORBIT; ALT (NK) iNcI’)* 


PL IDENT 

PL COMPOSITE; 

NT (LB): UP 
DN 

(IN): • ko 

To Zo 

DIN (IN): L 

PL ORBIT; ALT (HM) INC(*) 

STS ORBIT: ALT (NIfi INC(*); 


SEPO-139- . 






HASA-S-77-2530iE 


plight assignment w< 


fUIGHT Hft LAlWCH DATE____— — — ^ 

I ov- '*02 hasaB dooDcommD interD 


09 

I 

cn 




3 


Zo 


iRKSHEET 






PAYLOAD CHARGEABLE WEIGHT SUMMARY 


FLIGHT NO: PL IDENTIFICATION : T0Rj A/ lUS 2-STAGE M Tg» 5/23/77 

LAUNCH DATE NEV: 

MISSION TYPE: DEPLOYMENT (Q AHACHEOG RETRIEVALQ JERVICINGQ 


STABILIZING LOCATION 


PRIMARY LOCATION 


KEEL LOCATION 


Xo (IN) 
BL NO. 
BR NO. 
OF 
NOF 


1021.8 

8 

8 


PAYLOAD CHARGEABLE 

ATTACHMENT 

STABILIZING 


UT (LB) 


Xo (IN) 
BL NO. 
BR NO. 
OF 
NDF 


1151.6 

11 

11 


CG CIN) (STS COORD) 


Xo (IN) 1021.8 
KB NO. 8 

ACTIVE 

PASSIVE 


PRIMARY 
145 * 

145 

290 

- Xo 

1165.9 

LONG FITTING 

KEEL - 

182 

- Xo 

1109.8 

2 * 

51 

102 

Xo 

1021.8 


PAYLOAD 


COMPOSITE 



Xo 1151.6 


Xo 1072.6 


CG (IN) (STS COORD) 



NASA-S-77-2532 8 


SEPO-139- 35 
















PAYLOAD CHARGEABLE WEIGHT SUMMARY 
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X Y 

RY’ 

Bn:c vDUCLCi 


i:o( 

IVY 

122 

r:;Y 

RX2 

SIS/SSUS-0 OOM MCI8MT 1 Cl 

4747. 1044.9 .0 

.00000 

>04SCtlJ4^.l I0O9C.3 

>0>0i0i0t0»0 

ADO rAVLOAOi 

390.7 

.0000 

.0(>00 

.0000 

.OOitOO 

.0)j00 

COMINCD CAWO DOW 

34SC. IC4^.I .0 

•00000 

conraciTE vcMicLCi 

390.3 

.OOuO 

.0000 

.0000 

.00000 

.0000 

OMITCR AT ei 
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.00000 
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>0«0«0f OaOtO 
ADO rAVLOADi 
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.00000 
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.00000 
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.0000 

.0000 
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.0000 
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nASS<LB> CCUNCHC 

5> 


INERTIA 

•CLL*©- 

rT2*l 0*»6> 

. 

X Y 

RYZ 

BA3E VEHICLE > 


IXX 

lYY 

122 

p::y 

RX2 

SK/SSUS-D Uf MEIINT I d 

40090. 1073.S .0 

.00000 

>9040.1242.1.0.431.4 
>0.0. 0.0.0. 0 
ADO RAVLOADi 

399.0 

.0000 

.0000 

.0000 

.00000 

.0000 

CtMlHCD CAKO UR 

9C40. 1242.1 .0 

.00000 

COnr031TE VEHICLCl 

431 .4 

.0000 

.0000 
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.00000 

.0000 
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90S30. 110S.7 .0 

.00000 

>207291 .1130.3.. 9.304.0 
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409.0 
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.00000 
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207291. 1130.3 .3 

.00000 

conroriTc vehicle i 

304.0 

.0000 

.0000 

.0000 

.00000 

.0000 

less ATLS ‘A 
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-.00009 

>-20172.1407. .7.4. 3.9 
>0.0. 0.0. 0.0 
ADD RAVLO.YDI 

300.9 
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.0C29 
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.OCuOO 

cofro:iTE vtiiiCLCi 

479.9 

.0000 
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.0000 

.00000 

.0000 
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^ 0 . 0 . 0 . 0 « 0 . 0 
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373.3 
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-.3 '■•40 •• 

.49C7 

■■..■m.:.42 • 

-.1(.03 

AOA 

"3901. I403.4 13.7 

.QOOlM* 

COfIf OIlTr VCHIi LEI 

4:4.; 

.00<*0 

.Ou>*0 

.0)100 

.00)'<00 

. OuOO 

M 

22CIOV. 1 O'* .2 

-.0(1024 

377.4 ■ 

'• . f.40.^ • 

••.3: 13 • 

.9331 -.003CO • 

-.1777 


